The relationship of health and wealth has been for long the subject of academic research as well as a hot policy issue. In this paper we examine this relationship using data on infant mortality rate and real GDP per capita for the 28 European Union countries over the period 1960-2012. The long-run and short run dynamics of the relationship are examined through panel co-integration tests, error correction models and Granger causality tests. The empirical analysis reveals the existence of a long-run negative relationship between GDP and infant mortality. In the short-run there are bidirectional causal effects between the two variables. In summary, the two variables affect each other in a spiral way.
Introduction
Europe has experienced impressive economic development after World War II, together with improvements in health that led to very high life expectancy and very low mortality levels for the citizens of the continent. Average real GDP per capita increased by 140% in the 28 countries of the EU from 1960 to 2012. During the same period, life expectancy (at birth, in years) increased by 15%, from In this paper we try to investigate the dynamic relationship of health and wealth among the EU countries, using GDP per capita and infant mortality rates.
The panel data set for the 28 EU countries expands over the period .
The data set is unbalanced, since for some countries (mostly the former eastern DOI: 10.4236/tel.2018.84048 710 Theoretical Economics Letters Bloc countries) data for GDP are available from 1990 and on. The source of the data set is the World Development Indicators, issued by the World Bank.
In the next section we discuss the relevant literature and in section 3 we present in more detail the data we used in the study. We follow in section 4 with some methodological issues and the results of the empirical analysis. Our final section concludes the study and provides some policy recommendations.
Literature Review
The linkages between health and wealth have been studied extensively in the literature, as it has been a matter of interest in many areas of economics, such as development economics, health economics, macroeconomics, etc. The health status of the populations of poor countries is undoubtedly lower than that of the rich countries, as it is evident in all datasets collected by international organizations. As Hamoudi and Sachs [1] state "poverty and ill health occur together", so the opposite is also true.
Many researchers tried to examine the mechanism behind the connection between health and wealth. The main question refers to the direction of causality, i.e. is health improved through income growth or a healthier population can produce more thus increasing income? Moreover, a bidirectional causality, with a feedback between health and income, might also be present.
There are arguments supporting all three cases. Traditional development theory suggests that the relationship usually runs from income to health [2] [3]
[4]. As a country becomes more developed the level of health services provided to the population becomes higher and therefore the health status of the population increases. In other words, higher income provides access to goods and services which improve and enhance health (improved nutrition, access to clean water, better education, and improvements in health systems).
On the other hand, improved health status of a population might lead to higher income levels. Using a large amount of biometric data Fogel [5] suggested that increases in calories intake for the working class of England from the late 18 th century and on explains about 30% of per capita GDP increase in the last two centuries. Many other studies suggest that causality runs from health to in-
. Above all, Nordhaus [11] stresses the fact that improvements in health status in the U.S. have yielded phenomenal increases in economic well-being. He emphatically states: "It is sobering to reflect that, were the author of this paper to have experienced the 1900 life table, the odds are long that this paper would have been written from beyond the grave."
The mechanism behind the income increases through health improvements might refer to: i) Improvements in productivity (healthier workers are more productive because they are stronger physically and mentally), ii) Education (healthier people having a higher life expectancy invest more in their skills' improvement which leads to increased productivity and, in turn, to higher income, iii) Investment in physical capital (higher life expectancy leads people to increase 
Data on Health and Wealth
In the vast majority of studies wealth, or income, is measured by GDP per capita, usually in logarithmic form, in order to estimate percentage changes rather than unit changes. Accordingly, in this paper we use the natural logarithm of real Therefore, the data set we use is unbalanced. The source of the data set is the World Development Indicators, issued by the World Bank.
As for health, the two most commonly indicators used in the literature to represent the health status of a population are life expectancy at birth measured in years and infant mortality, measured by the number of infant deaths per 1000 live births. In our study we use infant mortality as we consider it the most important indicator which represents the health status of a population during a period of time. Again, the source of the data set is the World Development Indicators, issued by the World Bank. Life expectancy, albeit being a very important indicator commonly used in many studies, is derived through various calculations, whereas infant mortality measures deaths directly and thus is a more tangible and solid quantity. Of course many studies follow different approaches, for example examining the connection between GDP and health expenditure (among others, [14] [15]).
All the above measures have certain deficiencies and shortages, which are noted in the literature. For example, GDP per capita is an average which ignores distribution of income across individuals or across geographic regions within a country. Also, life expectancy and infant mortality do not really represent the quality of life or the quality of health status of a population. day (the last country that joined is Croatia, in 1/7/2013), and they represent the largest part of the European continent. There are huge differences among these countries in almost all variables one could examine, and of course the differences are larger in the past years and they appear to lessen in recent years After all, the whole process of European unification is directly aiming at removing differences in the socioeconomic level of development, and promote cohesion and integration into a single economic area for the member countries.
In Table 1 summary statistics for real GDP per capita and infant mortality rate are given for the whole period as well as for the first and last year of the period.
In Figure 1 the average of the variables is depicted over the period 1960 to 2012, which is the year with the latest available data at the time of the study. It is clear that there is an increase in real GDP per capita (GDP) and a decrease in infant mortality (IMR) thus forming an X-shape which is typical for many countries. For example, we see that the depiction for Greece (Figure 2 ) is quite similar to that of the averages of the 28 countries. It is clear that we have a crisscrossing figure which indicates that the two variables, real GDP per capita and infant mortality rate respond to each other in a negative manner. In the first few years of the examined period infant mortality rate was falling and real GDP per capita was increasing. When GDP started to decline in 1988 we had some years where infant mortality rate increased, and then, again, wan GDP started to increase infant mortality rate declined.
Methodological Issues and Empirical Analysis Results
In order to investigate the relationship of real GDP per capita (GDP) and infant mortality rate (IMR) we estimate the following regression:
Note that IMR is expressed in percentage terms. As a first step in our empirical analysis we will perform unit root test in order to examine the variables for stationarity. Provided that the variables will be found non-stationary in levels we can then examine the existence of a co-integration relationship between them,
i.e. the presence of a long-run equilibrium relationship. The next step is to estimate an error correction model in order to examine the adjustment process towards equilibrium. We also estimate the model using the Fully Modified Ordinary Least Squares (FMOLS) and Dynamic Ordinary Least Squares (DOLS) methods, which provide information on the long-run elasticities of the variables and improve the robustness of our results. Finally, we use Granger causality tests so as to look at the direction of causality between the variables.
Three panel unit root test were performed (Table 2) , namely the Breitung t-stat test [18] , the Im, Pesaran and Shin test [19] , and the ADF-Fisher chi-square test [20] .
The panel unit root tests indicate that both variables are non-stationary in levels and they become stationary in first differences. In other words, both series are I(1) procedures and therefore we can search for a co-integrating relationship between them. That in turn means that we can have a linear combination of the variables which is I(0) and it displays a long-run equilibrium relationship.
The presence of a co-integrating relationship between the variables can be confirmed with the Johansen [21] and the Kao [22] tests (Table 3 and Table 4 respectively).
Both tests have the null hypothesis of no co-integration, which is rejected.
Moreover, from the Johansen-Fisher test we conclude at the 5% level that there is at most 1 co-integration relationship. In Table 5 we present the estimates of this relationship, which is in essence the long-run equilibrium relationship Note: probability values in parentheses, null: unit root (assumes common unit root process) for the Breitung t-stat test and unit root (assumes individual unit root process) for the other two, *** denotes rejection of the null at the 1% level. Note: *denotes significance at the 10% level, ** denotes significance at the 5% level, ***denotes significance at the 1% level. Note: *denotes significance at the 10% level, ** denotes significance at the 5% level, ***denotes significance at the 1% level. Table 5 . Long-run equilibrium relationship. IMR = 3.44519 − 0.221349** GDP (2.57041) Note: t values in parentheses, ** denotes significance at the 5% level, ***denotes significance at the 1% level.
The coefficient of GDP in the long-run equilibrium relationship reveals that a 1% change in GDP will lead to an opposite direction change in IMR by around 0.22.
At the next stage of our empirical analysis we employ two more estimation procedures, the Fully Modified Ordinary Least Squares (FMOLS) and the Dynamic Ordinary Least Squares (DOLS), in order to confirm the robustness of our analysis. The results of the two procedures are given in Table 6 .
With both methods the coefficient of the respective explanatory variable is negative confirming the opposite relationship of GDP and IMR. In the long-run, as IMR changes by 1% there is a negative change in GDP by about 0.2% and as GDP changes by 1% there is a negative change in IMR by about 1.25% to 1.48%.
These results seem quite reasonable and within the expected magnitude. Note: **denotes significance at the 5% level, ***denotes significance at the 1% level.
Since we have a long-run relationship between the two variables, which are co-integrated, we can estimate an error correction model of the form of Equations ( (2) and (3)) below, which confirms the existence of a co-integration relationship between the two variables. The error correction model connects the long-run equilibrium relationship with the short-run adjustment mechanism, in other words, it displays how the two variables react when they deviate from the long-run equilibrium and how fast they adjust to it [23] .
We present the estimates of the error correction model in Table 7 . The error correction term for Equation (2) is statistically not significant. The error correction term for Equation (3) is negative and statistically significant, which means that there is an adjustment towards the long run equilibrium by around 1.1%.
Therefore, the error correction model displays also the direction of the causality in the long-run, in our case runs from GDP to IMR.
We next proceed with Granger causality tests [24] in order to examine the direction of causality for the relationship in the short-run (Table 7) .
According to the Granger causality tests there are bidirectional short-run effects between the two variables. Changes in income affect infant mortality and this is quite reasonable and expectable. An increasing GDP will bring about better health conditions for the population and this is reflected in lower infant then the health system will require more resources to cope with this increase and this will affect GDP.
Summary and Concluding Remarks
The relationship of health and wealth has been for long the subject of academic research as well as a hot policy issue. According to common practice in the literature, infant mortality rate and real GDP per capita have been used in the present study to study the health and wealth nexus in the 28 European Union countries over the period 1960-2012. The long-run and short run dynamics of the relationship have been examined through panel co-integration tests, error correction models and Granger causality tests.
The empirical analysis revealed the existence of a long-run negative relationship between GDP and infant mortality. In the short-run there are bidirectional causal effects between the two variables. In summary, the two variables affect each other in a spiral way.
Income is an important factor affecting health through better nutrition, better living conditions and better health services provision. On the other hand, improved health of the population (as this is reflected in reduced infant mortality) affects positively GDP, possibly through improvements in productivity and population longevity in general. Therefore, investments in health lead to increased income and development levels and increasing income leads to better health status of the population. As former WHO Director-General Dr. Gro Harlem
Brundtland stated on the occasion of the launch of the Report of the Commission on Macroeconomics and Health "a healthy population is a prerequisite for growth as much as a result of it" [25] .
